Introduction
Total reflection X-ray fluorescence (TXRF) analysis 1) is employed for determining the concentrations of trace elements, such as arsenic, [2] [3] [4] in solution samples. The elution standard value of arsenic is 0.01 mg/L or less, e.g. the elution standard from contaminated soil specified by the Ordinance for Enforcement of the Soil Contamination Countermeasures Act in Japan, and the elution standard from the blast-furnace slag aggregate for concrete specified by JIS A 5011-1: 2013. 5) Total reflection X-ray fluorescence analysis does not require specific preconcentration procedures for the analysis of arsenic in elution samples or environmental water because this spectrometric method enables the analysis of trace elements at μg/L levels. Nevertheless, the As Kα line (10.54 keV) overlaps with the Pb Lα line (10.55 keV) in TXRF spectra. When an analyte containing trace amounts of arsenic and lead is measured, the lead concentration can be determined from the net intensity of the Pb Lβ line (12.61 keV). On the other hand, it is difficult to detect the As Kβ line (11.73 In total reflection X-ray fluorescence (TXRF) analysis of trace amounts of arsenic in the presence of lead in environmental water, spectrum interference between the As Kα line (10.54 keV) and Pb Lα line (10.55 keV) is an important issue. In this note, a method was reported for the separation of these elements by electrolysis. Lead was not detected from the electrolyzed solution after the electrolysis of a solution containing 0.1 mg/L of lead. When a solution containing 0.1 mg/L of arsenic (III) and 0.1 mg/L of lead and a solution containing 0.1 mg/L of arsenic (V) and 0.1 mg/L of lead were electrolyzed, lead species were more easily removed than the arsenic species from the solutions, and almost all of the arsenic species remained in the electrolyzed solutions. The utility of electrolysis for decreasing the concentration of lead in solution samples makes it feasible as a method for accurate determination of arsenic concentration by TXRF analysis.
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of arsenic because the net intensity of the As Kβ line is approximately one order of magnitude lower than that of the As Kα line. Hence, the net intensity of the As Kα line (I As Kα ) needs to be estimated for the determination of the arsenic concentration, which can be calculated as follows:
Here, I sum denotes the sum of the net intensities of the Pb Lα and As Kα lines from an analyte, I Pb Lβ is the net intensity of the Pb Lβ line from the analyte, and R Pb Lα/Lβ is the Pb Lα/ Lβ intensity ratio obtained from the measurement of a lead standard solution. However, the Pb Lα/Lβ intensity ratio changes depending on measurement conditions. 6) If the Pb Lβ line is not detected, and a small peak is only detected at 10.5 keV, it is difficult to decide whether the small peak is attributed to the As Kα line, Pb Lα line, or the sum of both lines. Hence, the separation of these two elements is required before TXRF analysis for accurately determining the arsenic concentration. Electrolysis has been employed as pretreatment before TXRF analysis for removing a major metallic element 7) and for concentrating a trace amount of metallic element.
8) An organic solvent and an acid are used in solvent extraction and solid-phase extraction; on the other hand, electrolysis is performed without the use of either an acid or an organic solvent. Hence, as sample pretreatment, electrolysis is a feasible option for decreasing liquid wastes. In this note, electrolysis was employed as sample pretreatment for more accurately determining the arsenic concentration using a portable TXRF spectrometer. 9) Typically, inorganic arsenic species (i.e., arsenite and arsenate species (As(III) and As(V) species)) are the dominant species in environmental water and soils.
10) Hence, the electrolysis of a solution containing trace amounts of As(III) and Pb(II) species, as well as a solution containing trace amounts of As(V) and Pb(II) species, was performed for investigating whether arsenic is separated from lead in solution by electrolysis.
Experimental
A portable TXRF spectrometer reported in elsewhere 9) was used in this study. A 50 kV Magnum X-ray tube (Moxtek Inc., Orem, USA) with a tungsten anode was operated at 25 kV and 200 μA, and the X-rays (i.e., both characteristic and continuum X-rays) from the X-ray tube were collimated using an X-ray waveguide. A Si-PIN detector X-123 (Amptek Inc., Bedford, USA) with an effective detection area of 13 mm 2 was used for measuring TXRF spectra. A diamond-like carbon (DLC) coated quartz glass substrate 11) was used as the sample holder. A 1 μm thick DLC film was coated on a quartz glass substrate (Sigmakoki Co., Ltd., Hidaka, Japan) with a diameter of 30 mm, a thickness of 5 mm, and a flatness of λ/20 (λ = 632.8 nm). This coating was performed by Nanotec Co. (Kashiwa, Japan). During the electrolysis of sample solutions, a DC voltage of 10 V was applied between a platinum mesh electrode and carbon electrode as the anode and cathode, respectively. The sample solutions were prepared as follows: 10 mL of a solution containing 0.1 mg/L of lead was prepared by diluting a 1 000 mg/L lead standard solution (Pb(NO 3 ) 2 in 0.1 mol/L HNO 3 ) (Wako Pure Chemical Industries, Ltd., Osaka, Japan) with distilled water. Then, 990 μL of this solution Ten microliters of each of the solutions A-H was dropped and dried on the sample holder, followed by measurement in air for 600 s. Figure 1 shows TXRF spectra of solutions A and B. As shown in Fig. 1 , the Si Kα line from the quartz glass substrate was detected. The Ar Kα line from air containing 0.9 vol% of argon was detected. The W L lines originating from the tungsten target X-ray tube were also detected. The Fe Kα and Ni Kα lines would be attributed to a component of the portable spectrometer. The Ca Kα line would be attributed to contamination during sample preparation. As shown in Fig. 1(a) , Pb L lines were detected, and the relative detection limits for lead obtained from the net intensities and background intensities of the Pb Lα and Pb Lβ lines in Fig.  1(a) were 0.067 mg/L and 0.067 mg/L, respectively. On the other hand, the Pb L lines were not detected in Fig. 1(b) , indicating that Pb 2 + in a solution containing 0.1 mg/L of lead is reduced to metal lead on the cathode, and the concentration of lead in solution B is less than the relative detection limit of 0.067 mg/L for lead. Figure 2 shows TXRF spectra of solutions C, D, and E. The relative detection limit for arsenic obtained from Fig. 2(c) was 0.016 mg/L; however, it can be further improved by increasing the volume of the sample solution dropped on the sample holder as well as measurement time. Hence, a portable spectrometer can be applied to the analysis of arsenic in the leaching solutions of the contaminated soil and blast-furnace slag aggregates. The Pb Lβ line was detected in Fig. 2(a) ; however, it was not detected in Fig. 2(b) . The ratio of the net intensity of the peak around 10.54 keV to that of the Y Kα line in Fig.  2(b) was 0.24, which was nearly equal to the ratio of the net intensity of the As Kα line to that of the Y Kα line in Fig.  2(c) (i.e., 0.23) . These results indicate that the concentration of lead is reduced, and almost all of the arsenic species remain in solution after electrolysis. Theoretically, as compared to Pb 2 + , As(III) species are more easily reduced on the cathode. However, according to the results obtained herein, as compared to As(III) species, Pb(II) species are more easily removed by electrolysis, and almost all of the arsenic species remain in solution. Figure 3 shows TXRF spectra of solutions F, G, and H. The Pb Lβ line was detected in Fig.  3(a) ; however, it was not detected in Fig. 3(b) . The ratio of the net intensity of the peak around 10.54 keV to that of the Y Kα line in Fig. 3(b) was 0.27; this value was nearly equal to the ratio of the net intensity of the As Kα line to that of the Y Kα line in Fig. 3(c) (i.e., 0.25) . These results indicate that as compared to As(V) species, Pb(II) species are more easily removed from solution, and almost all of the arsenic species remain in solution after electrolysis. 
Results and Discussion

Conclusions
When solutions containing trace amounts of arsenic and lead species were electrolyzed, as compared to arsenic species, lead species were more easily removed by the electrolysis, and almost all of the arsenic species remained in solution. Hence, electrolysis is useful for accurately determining the arsenic concentration using a portable TXRF spectrometer. Electrolysis can be used as pretreatment for the accurate analysis of arsenic using other TXRF spectrometers. Because acids and organic solvents are not required in electrolysis as pretreatment, this separation technique allows for the reduction of liquid wastes. 
